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ABSTRACT.

until a xncwledge-vased system is able to learn by itself, it must
acquire new knowleage and new heuristics froa numan experts. This is
traditionally done with tne aid of a computer programmer acting as
intermediary. The dire.t transfer of knowledze from an expert to the
Systemx requires a natural-language processor capable of handlinz a
substantial sSubset of English, The development of such a
natural-language processor is a long-term goal of automating knowledge
acquisition; faciliting the interface between the expert and the system
is a first step toward this goal.

This paper describes BAOEAE, a program designed and implemented for
MYCIN (Shortliffe 1974), a medical consultation system for infectious
disease diagnosis and therapy selection. EAOZAB is concerned witn the
prodlen of parsing - recognizing natural language sentences aad encoding
tnem into MYCIN's internal representation. For this purpose, it uses a
semantic grammar in wnich tne non-terminal synools denote senmantic
categories (e.g., infections and symptoms), or conceptual catezories
whicn are common tools of knowledge reoresentation in artificial
intelligence (e.g. attributes, opjects, values and predicate
functions). Tnis differs froa a syntactic grammar in which non-terminal
Symdols are syntactic elements such as nouns or veros.




I. OVenvVIEW.
1.1, Introduction.

nodtever formalism is used for parsing: context-iree graamar,
context-sensitive gramnar, or augmented transition networks, most
Syntax-based parsers focus mainly on criteria of acceptability on
syntactic grounds of the input strings. Altnough this undoubtedly is of
linzuistic interest, a different approach has been used in the work
presented nere. The reasons for this are several.

ror convenient and philosophical reasons, we do not object to
accepting ungrammatical inputs. In addition to this, syntax-based
parsers usually accumulate much information which is useless for our
purpose. For example, “The patient has a fever" and "The patient is
febrile” lead to the same internal representation despite the fact that
"fever' 1is a noun and "febrile" an adjective. Syntactic analysis is
also time consuming and aoes not avoid semantic checks before building a
repre=ontation of the input string. Therefore, 1if it is possible to
detercmine the weaning of a statement witnout using syntactic analysis,
we prefer to do so.

k  two-part graamar has been designed, choosing efficiency in the
irevitadle uniformity/efficiency tradeofr. If certain key-words have
oeen encountered during tne preprocessing phase, the specific rules
associated are tried, otherwise the zeneral graamar alone is applied.

Tne general gramnar is, to a certain extent only, domain
indepenuent. Its rules recognize the format of a lezal statement
witiiout concern for the meaninz of tne individual elements. For
example, one lezal format is "tne <attributed of the <object> <predicate
function> <value>". This samne rule can apoly to "Tne morpholozy of the
organism is coccus" in the domain of infectious diseases, as well as to
“The landscape of the country is mountainous” in the domain of physical
geocraphy. The requirement for tne general grammar to be applicable is
that the systems for the two different domains must be organized in
sinilar fashion. Cne system nust have 'coccus" as a value of
“morpholozy”, an attrioute of the object "orzanism; the other must have
"mountainous" as a value of “landscape", an attribute of the object
Ycountry",

As it is difficult to recoznize any input by as general structures
as those dealing with attributes, objects and values, more specific
rules have been incorporated, allowing the presence of specialized terms
Sucn as symptoms, infections, which are typically of nc use in another

domain. Tnis part of the complete grammar will be referred to as the
specif'ic grammar.




I.2. environment.

knen one speaks of understanding by a prozram, one usually defines a
test that must be passed in order to claim that the progzram has
understood. The aim of tnis prozram is to transform a piece of medical
knowledge expressed as a rule (set of premises/set of actions), or as
text, into an internal format. Vhen the program achieves this goal (the
judge is the expert who must agree with the proposed interpretation), we

will say that it has understood or properly interpreted the rule or the
submitted piece of text.

EAQEAB therefore will deal with natural language in a specific
domain. We expect the interlocutor to be an expert in the medical field.
This means that his expressions are “naturally fairly precise", i.e., he
should not have to abandon a usual way of speaking to fit a special
Jargon to whicn he would not be accustomed. Let us here point out the
difference between such a program and prozrams primarily concoerned with
carrying on a dialogue with casual users. For example, Rendezvous (Codd
1974, Codd et al 1978) focussed on clarification dialog strategies
systematically wused to make sure that the system correctly understood
the user's request, providing him with facilities to break down his or
her request into several steps if necessary.

A first demand of the expert sitting at a terminal is to get fast
answers from the system. ke must also take into consideration the
situation in which a new rule will be entered. iMost of the time, this
will occur wnen an expert detects a missing or erroneous rule while
running tne consultation (Davis 1975). Accordingly, after adding a rule,
the expert will want to test its expected effect as soon as possible. A
conventional natural-language processor includes a syntactic treatment
followed by a semantics component converting the linguistic structure
irto an internal representation. Here, some ‘of the grammar rules
explicitly contain semantic information and thus do not require any
other semantic processing. On the other nand, general rules do need a
semantic treatment, for example in order to determine whether an
object-attribute couple makes sense. However, non terminal categories
being more restrictive than nouns or verbs, tne amount of work necessary
to check their mutual coherence is lessened.

Another lezitimate demand of the expert, closely linked to the
necessity for speed, that he be allowed to express statements in a terse
form, such as wusing mathematical symbols when that seems to be a
convenient short-cut. For exaaple, "WBC < 80 " is as acceptable as ¢
the white blood count is less than 80v,

Tne expert must approve the system's interpretatior »f & rule in
order to avoid adding incorrect rules. For this purpose, BAOBAE uses a
generator called PRUSE to translate the internal format back into
stylized natural language. Tne expert is then asked if the




interpretation was correct. If the parser has failed to find a correct
interpretation, it must guide the user toward the reason for failure.
For instance, oy displaying words that were not recognized, and by
telling wnat expectations were not fulfilled (grammar rules which were
only partially successful), the system can help the expert to rephrase
the statement , or it can indicate that new objects or attributes have
to pe taught before proceeding with incorporating new rules.

I.3 WYCIN background.

MYCIN's judzmental knowledge consists of a set of rules. A rule is
internally represented by a CONDITION part and an ACTION part. Each of
these is a set of clauses 1linked by the logzical operator AND. For
example:

($AND (SAME CNTXT COMPROMISED)
(GR=ATERP* (VAL1 CNTXT PROTEIMN) 40))
is the internal representation of:
The patient is a coupromised host, and
the CSF protein is more than Y0.

An internal clause can rougzhly be viewed as a quadruple:
<predicate function> <object)> <attriouted> <{valued.

The last three elements constitute the usual triple which is a basic
representation formalisa within the AI community, <attribute) usually
denoting a property of <object> and having <valued> as a possible value.
kFron now on, <object> mignt as well be reterred to by <contextd which is
tne MYCIN version actually used. Similarly, <attributed is often named
<{clinical parameter> or simply <parameter>. In reality, there are
several variants of this zeneric form (e.g., <value> could be missing,
or replaced by a 1list of values, etec.); but at this point, this
simplification allows easier comprehension.

a) The predicate functions are usually indicated by verbs (e.g.,
"is", "known"). The verbs also may be accompanied by appropriate
modifiers, such as negations or, nore generally, adverbs which add
information about the certainty factors associated with the current
information (e.g., definitely). Example: KNOWN 1is the predicate
function associated with the following statements: #* The morphology of
the orzanism has been determined. * We know tne genus of the organism.
* The duration of the neurologic signs is known.

b) There are 5 objects considered here, orzanized into a context
tree: PATIENT, IUFECTION, CULTUHRE, ORGANISM, THERAPY. The PATIENT
presents a possible INFECTIOCN for which a CULTURE is obtained.
ORCGEALISHis are likely to pe isolated from this culture and a THERAPY
will ve recommanaed to fight the organisms.




¢) A clinical parameter is a characteristic of one of the contexts
of tne context tree.
Example: The SITE of a culture.
Tne NAMe of the therapy.
The GENUS of an orgzanism.
Tne AGE of a patient.

d) A value is one of the possible values of a clinical parameter:
YES or NO for binary parameters often termed yes/no parameters,
otherwise a member of the 1list of possible values. For example:
PTCONTRA is a parameter indicating whether "there is contraindication of
the current therapy for the patient" its value is simply TRUE or FALSE.
On the other hand, SITE is a multiple-valued parameter and has a larze
list of possible values: BLOOD, NOSE, URINE, THROAT, ... Although I
use the term MULTIPLE PARAMSTER for any non-yes/no parameter, this last
catezory is further divided into SINGLE-VALUED PARAMETERS like SITE,
which can have a single correct value (excluding all others), and
MULTI-VALUED PARAMETERS 1like SYMPTOMOF and ALLERGY which can have
several values at a time. (Each culture was taken from a single site,
however, the patient might simultaneously have symptoms of pyuria and
frequency, or be allergic to several drugs.)

e) In action clauses, the predicate functions which are dealt with
are CUNCLUDE and CONCLUDE* (a variant of CONCLUDE with more than 1 value

specified). A positive statement is indicated by a positive certainty
factor, the negation by a negative one.

1.4 Sample of a rule acquisition.

In the example that follows, BAOEAB's questions and statements
appear in lower case letters, ana it displays the internal format of
its interpretation in upper case letters. The user enters the rules in
upper case letters after tne double star. A "ecarriage-return" is typed
to indicate tnat there are no more clauses in the current part of the
rule. A trace of successful grammar rules is shown so that the reader
can look ahead at the grammar described in III.4.3.

wngkhdanaits

Would you like to enter a rule?

#4 YES

If: THE ORGANISHY IS ROD FACUL
and IT IS GRAMNEG
and IT DID NOT ACQUIRE THE IMFECTION IN THZ HOSPITAL
and THE INFECTION KEQUIRII® THERAPY IS NOT MeENINGITIS
and

‘I'nen: FOK SURE 1.0 ThE ORGANISH IS A PSEUDOMMNAS-AZRUGINOSA
and




Gramnar rule Kd25 was successful (not to oe confused with MYCIN rules).
Grammar rule KOO5 was successful

Gramaar rule R031 was successful

L gon't understand I1 DID NOT ACQUIRE TH: INFZCTION IN THE HOSPITAL even
thougn all the words were recognized.

Do you want to rephrase it?

++**Y S

Thie PATIENT DID NOT GET THE INFECTION IN THE HOSPITAL

Grammar rule R126 was successful
Grammar rule R020 was successful
=PSEUDOMONAS-AERUGINOSA

Grammar rule k031 was successful
the internal format of the rule is:

XRARNNAAARR
PRENISE: ($AND (SAME CHNTXT AIR FACUL)
(SAME CNTXT MORPH ROD)
(SAME CNTXT GRA!! GRAMNEG)
(NOTSAME CNTXT NOSOCOMIAL)
(NOTSAME CNTXT TREATINF MENINGITIS))
ACTION: (CONCLUDE CNTXT IDEHT P3EUDOMONAS-AERUGINOSA TALLY 1000)

This is my unaerstanding of your rule:

The aerooicity of the orzanism is facul, and

The morgnology of the corzanism is rod, and

The stain of the orzanism is gramneg, and

The infection was not 2cquired while the patient was

nospitalized, and

The infection which requires therapy is not meningitis
Inen: It is definite (1.0) tnat the identity of the organism is

pseudomonas-aeruzinosa

do you agree with my interpretation?
" YES
good.

COMMENTS.

1) The parser could figure out that the first premise actually
contained 2 properties (aerobicity and morphology). Consequently, it
split this premise into 2 clauses, which explains the shift in the
nunbers of premises. Also, tnese Dparameters were not mentioned
explicitly, but were deduced from tneir respective values.




2) In premise 2 (which became clause 3), the analyzer resolved the
pronoun reference by organisa (from the previous premise) and thus
actually analyzed THE ORGANISH IS GRAMNEG.

3) In premise 3 (which bvecame clause U4), the pronoun reference
resolution led to parse: THE ORGANISt DID NOT ACQUIRE THE INFECTION IN
EOSPTTAL and thus failed. The rephrasing was unambiguous and was
successful. The system always indicates which words, if any, were
unrecognized in order to guide the user in rephrasing the statement.

4) The objects ORGANISM, PATIENT, INFECTION are always represented
by the standard word "cntxt" in clauses but were very important during
the analysis process. A check for consistency between the object and
the parameter is always performed before generating any clause.

5) SAME, NOTSAME, CONCLUDE are predicate functions.

6) 1In premise 4 (which became clause 5), TREATINF is a clinical
parameter (attribute) and MENINGITIS is one of its legal values.
Likewise, IDENT is a clinical parameter and PSEUDOMONAS-AERUGINCSA is
one of its possible values. Notice that it was respelled using the
INTERLISP spelling corrector (Teitelman 1975).

I1.5. Scope of the language accepted.

Interpreting English sentences consists of finding one or several
consistent function-object-attribute-value quadruples. There are
varicus ways to express any natural lancuace statement (surface level)
with only one internal representation (deeper level). If we do not want
to frustrate the user Dby the casual computer response: "I do not
understand, please rephrase your statement", the program must achieve
this several-to-one correspondence.

Tne expert 1is not given any constraints concerning his phrasingz of
sentences. He 1is simply advised to express himself in the most precise
way he can (avoiding poetics), and use appropriate medical words as
often as possipble. This should not be a severe constraint since it is
supposed to be his natural way of expression in his professional life.
For instance, "The site of the culture is nose" will be preferable to:
"a culture was taken from the nose'" and obviously to: "A nasal specimen
was obtained and sent to the lab". The second statement is still
explicit enough, unlike the last one. The program would need strong
general knowledze outside the medical field to understand the last
statement. This has not been the concern of BAOPAB or MYCIN thus far.
The program has not yet been tested with respect to the "habitability
feature" (Watt 1968), that is to say the ease with which the user can
learn the conventions of the language accepted in order to avoid going
too often teyond the possibilities.




Another characteristic of MYCIN 1is to deal with non-precise
statements or with incomplete information. Consequently, the predicate
functions associated with a medical fact are not merely TRUE or FALSE
out hiiuwiv or udhkiilnl, etc, The current pro<gram can handle 186 different
predicate tunctions which are briefly descrived in III.3.

Udbjects and values are rarely ambiguous. The main difficulty is to
find tne relevant clinical parameter, which plays the dowinant role in
the sentence. Somne parameters are described with one or two words, like
MOnPRHOLOGY, FECRILE, GROWTH CONFORMATION, and their recognition is
fairly straightforward. On the other nand, some are commonly described
by means of a complex sentence, like NOSOCOMIAL indicating whether "The
patient acquired tnhe infection while in the hospital" or SPECSTAIN
indicating whether "organisms were found on the stain of the culture".

5 RELATION TO OTHER WORKS.

I want to distinguish here between works oriented toward "general
natural languaze understanding" and those oriented toward specific
applications, usually concerned with building interfaces between a user
and a program which 1is an expert in a domain. A major distinction
between them 1is that the first category usually nandles a more limited
vocabulary than the second, but attemots to analyze inputs more
completely, drawing non- trivial inferences based on psychological
models or behavior. They usually have ambitious goals, such as building
a tneory of language understanding (Schank 1973)(Wilks 1973).
Interesting surveys of these works can be found in (Wilks 1974) and
(winograd 197L4). Fundamental works also include tne development of
various tools such as efficient algorithms to parse sentences (ATN of
woods 1970) (Earley 1970), or how to embed semantics during the analysis
process (Procedural semantics, winograd 1972). Sucn devices are now
used to a large extent oy task-oriented systems which thus are an
essential contripution which can be used to verify the generality and
power of the theoretical tools mentioned above. Question-answering or
querying systems and computer-aided instructional systems are
functionally similar in the sense that they use roughly similar
techniques. Tne difference lies in the fact that more emphasis is
placeua on retrieving the relevant information in one, and on carrying on
a dialogue in the other. The following is a orief description of some
recent systems with which the present work shares some basic features.

In Sophie (Erown 1975), a student 1is presented with a problem of
trouoleshooting an ‘:lectical circuit. A semantic grammar (Rrown 1976)
is used to analyze the Enzlish sentences that the student uses to
comnunicate with the system about the oproblem. An interesting
comparison between a Lisp version (semantic grammar encoded as Interlisp
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proceaures) and an ATN compiled version is drawn, showing that the
Lisp version is about twice as fast. On the other hand, three
advantages of the ATMN formalism are pointed out: (a) conciseness, i.e
facility to write, chanze and comnunicate the grammar, (b) conceptual
effectiveness, which is mainly the coherence between the rule
representation (BNF, for instance) and its actual implementation, (c)
flexibility for postponing decisions about a path to take during the
analysis process.

However, the perspicuity of context-free grammars representation i.e
the possibility of telling whether a construction is permitted just by
looking at a rule is not maintained in the ATN formalism if it is not
implemented on a computer providing graphics facility for displaying the
network. The ATN compiled version, with a compiler similar to Kaplan's
GPS (Kaplan 1973) is described in detail in (Burton and Woods 1976) and
shown to be about 10 times faster than the interpreted version used in
LUNAR (woods et al,1972).

PLAKES (Waltz 1975, Waltz & Goodman 1977) is a system currently
developed for answering user's requests from a large data base dealing
with aircraft maintenance and flight information. The parser is based
on the notion of semantic grammar in which the concepts to recognize
are, for example, "plane type" or “aircraft component". An example of a
request handled by the system is: "Please tell me if Phantom A554Y4 had
any engine maintenance during April 1974." The program matches the
request against pre-stored schemas and, if successful, displays its
understandinz and asks whether the user agrees. If so, the progran
retrieves an answer by filling the slots of the relevant answer
template,

G. Hendrix developed a number of convenient devices for rapidly
creating natural-lanzuage interfaces between systems and users (Hendrix
1977). This comprises facilities for dealing with incomplete inputs
(ellipsis), and for allowing users to extend the language accepted by
the system through paraphrasing frcilities. A spelling corrector as well
as a grammar editor make the system more habitable. A first system
called INLAND (informal natural language access to navy data) has been
built, using these techniques, described in (Sacerdoti 1977). Examples
of sentences handled by the current system are: "What is the speed of
the Kennedy?" then "Its length?", the ellipsis routine leading it to
actually parse: "what is the length of the Kennedy?".

The primary purpose of MYCIN is the Consultation system. This
prograan does not contain any natural-language capabilities, since the
questions are asked by the system. Consequently, little emphasis has
been put on the "lanzuage-understanding” aspect. However, the necessity
to make the systen credible to physicians led to design an explanation
system (Scott 1977) and thus to the development of a progranm capable of
answering a limited set of gquestions that physicians mieht ask
concerning:




(a) The status of current knowledge about the patient,
(b) bow the system reacned its conclusions,
(c) General krowledge contained in Mycin's judgmental rules.

Tnis prozram uses a key-word approach combined with pattern-matching
methods similar to (Colby 1374) and a '"scoring technigue" to determine
which kind of question is asked or which parameter 1is relevant to the
question. Examples of questions handled by the program are:

Is blood a sterile site?
How do you treat meningococcal bacteremia ?
Is oganism-1 a streptococcus?

wnile we have not done so, it should be possible to write a similar
semantic grammar for the explanation system. 1Its adaptation would
include new concepts like <type-of question> (how, why, what...) and
{predicate function> woula be replaced by <topic-of-question> such as
Yoonclude”, "treat', or “mila ouL". For example: "Why did you

concluae...?", "How did you treat the infection?", "Why did you rule out
the possiblility...?".

All these systems were designed for operating on specific domains.
AS a consequence, they do not need to dig out subtleties which would not
pe taken into consideration by the knowledgze base, nor they have to
perf'orm sucn delicate tasks as disambiguating between multiple-meanings
words, since, most of the time, the meaning relevant to the domain is
the only one considered in the dictionary. The first point can be
illustrated by the following example. Suppose there is no distinction
made between '"the patient has a fever" 2and "the patient has a bad
fever", a single parameter FEERILE existing, it is then clear that "bad"
can just be ignored without affecting the resultineg representation of
the input strine. This introduction of "fuzziness” 1is indeed =2
characterization of a "shallower 1level of understanding", which is
suftficient for such systems, compared to the general understanders
outlined at the bezinning of this section.

The second point can be illustrated by tne following example. In a
general "idealistic" wunderstander, a word like “patient" might be
considered as an adjective (showing patience) as well as " a person
under medical treatment® which is the only sense considered here. Let
us note that the same problem was actually encountered by Winograd in
Snhrclu (winograd 1972), where other possible meanings of "block"
-psycnclogical inhibition for example- were not taken into
consiceration.

£ common feature of the systeas which have been deséribed is that
tney ao not use an explicit syntactic analyzer. tiote however that some
general wunderstanders do not have eitner (Charniak 1972, Wilks 1973).
Instead, the parsing 1is acanieved on semantic basis. The key-word
approacn 1is an extreae position whicn nas the advantage to be
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unsensitive to the transformational oparaphrasinas of a same statement.

1n active and passive mode, the same words need to be recoznized,
rezarcless of tneir order in the string. Consequently, it allows a
larcer treedom in the way of expressing onesell’. On the otnher hand, the
incapacity of capturinz any structure of sentences causes tnat
meanincless statements are easily accented -~ “the febrile is patient" -,
Furtner, when a conflict appears between ULwO candidates competinz for
tne most likely interpretation, it is difficult to decide whether the
conflict must be resolved (chnoice to make), or whether the two
candidates must be kept because several 1ideas were expressed in the
sentence.

ln fact, analyzers based on a semantic gramuar have adopted an
intersediate position (opetween syntactic and key-word based parsers)
with respect to the two points previously mentioned. The semantic
grausar rules carry an implicit structure of inout strinzs althouzh
tnere is no explicit check on grammatical agreement.

Ine main ditrerence between EAOEAL and the other three seems to lie,
on one hnand, in the choice of a context-free grammar versus an AT
formalism, and on the otner hnand, in the ract that EPQOBAE's general
grammar is only constituted of conceptual entities (no surface words) ,
but this distinction presumaoly depends on the amount of bottom-up
preprocessing achieved before actually using the gramnar, tnus replacinzr
zroups of words by their underlying concept. This part of the grammar is
transportable to other domains that also use general catezories such as
objects, attributes and values.

A sianificant difference between PLALES anrd the others 1is that
PLANES makes 1little use of the constructions of sentences -order of
words are only taken into consideration in special cases -. Rather,
vconcept case frames are utilized to assinn a meaning to the input
strinzs by 1looking at the rexzisters that have been set during the
analysis.

1I1.The ANALYZER.

1nis cnapter descrives thne analyzer. we first describe how the
dictionary 1is organized and now the preprocessing phase is achieved.
Tnen, the subgramuwar for predicate functions, used in a Dbottomr-up
manner, is shown. rinally, the main zrammar ucsed (top-down) to parse the
input strings is described in detail.




111.1 The aictionary.

In crder to avoid repeatine informaticn common to several wora:
wnicn are close 1in meaning, 1t is convenient that one of them bobe
consicered as a terminal word. It will then be the only one of the
group to be integrated into tne semantic network cdescribine the
relaticrisnips existing between tne different concepts which are dealt
with. Ine notion of closeness of neaning is partly explained by the
TXTSyi. pointer and completed in tne description of the preprocessing
phase. 1ne pointers described here are only tne ones used by the parser.

33.0.0 ERISYN.

ine pointer from a word to its terminal form is called TXTSYN (a
terninal word points tc itself). ine words related by a txtsyn pointer
may oe synonyms in the usual sense, but also abbreviations, root words
or intinitive toras tnat cannot be founc by wWinozrad's root extraction
algoritha as outlined in I1I.2.

example: TATSYN(eschericnea-coli) = e.coli
TATSYli(e=coli) = e.coli
wnica eans that e.ccli has oeen arbitrarily chosen as tne terminai
wora.
cxample: TaATsSYd(bezan) = bersin (infinitive is terminal)

111.1.2 IRCONCEPT.

«wnen a word suzgests the oresence of one or several clinical
it coints to il (them) by The INCCNCEPT pointer.
txample: ILCONCEPT(Morpholozy) = (iiorph)
ILCONCEPT(preznant) = (lotherhood)
IuCOnCEpPT(abnormal) = (Abnormal Cxrab Lensian)
rne word Ab#CRM“AL mizht suzcest the 3 rparameters AENORMAL (an
organisa is not normally found at a certain site), CYXKAE (The patient's
X-ray is abnormal), LENSIGN (The patient had recent abnormal neurolosic
sizns).

111.3.3 VALUESYEN.

Tnis gives the value (in the sense of value of a parameter) that the
word 2igsht iumply in certain contexts.
cxample: VALUESYH(negative) = gramnez (in context of stain)
VALUeSYii(white) = caucasian (in context of race)

cxaxining tne context allows the system to decide whether such a value
is correct. For instance, in "white blood count", “Caucasian®" will be
aiscarded as a weaninz for “'wnite!,




IIXI.1.4 EXPeCT/EXPECTED.

These are the pointers between paramneters and their onossible values,
eaPeCtl cefining the valid s2t of values for a parameter (NIL for a
yes/no parameter), EXPeCTSD zivin~ the possible parameters implied by
the value,

examole: EXPECT(Morph) = (Rod Coccus ...)
EXPECTED( Roa) = EXPECTED(Coccus) = (Morph)
EXPECT(Site) = (Elocod dose Tnroat Urine ...)
cXPECTED(Flood) = EXPZCTED(Urine) = (Site Portal
Infsite)
(urine miznt be the site of a culture, of an infection or the
portal of entry)
EAPECT(whensya) = date
EXPECT(Contaminant) = NLIL
EXPECT(AGE) = hMNumoer

III.1.5 CONirOUsD and hYPART.
inese pointers enable the recoznition of groups of words as a whole,
for examnple “streptococcus zroup a" which will be replaced by
"streptogoccus=-groun=-a'",
I11.1.6 NOCONTENT.
ihis inaicates that a word has no medical meaninz. However, the word
miznt oe important to ficure out the structure of the sentence. In this

eategory, “or', "of", “and”, eto,

111.%.7 TEHPLATE.

Tnis gives the template of the internal clause according to
predicate function.

Example: TuEMPLATE(<known>) = (cntxt parm)
TEMPLATE(<same>) = (cntxt parm valu)
TEMPLATE(<Lgreaterp#>) = ((valtl cntxt parm) numnm)

111.1.8 PICKGROUP.

It ¢ives the object of a parameter and is used in the procedures
whicn cneck tor semantic conerence inside the rules.

111.2 pPreprocessing.

The preprocessing paase is very similar (from parasrapn a to f) to
the one used by the explanation system fron where it was extracted
(3cott 1977).
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tue following neuristics are used to accomplish this task.

&) Standard reduction to a canonical torm: An imnlementation of
winozrac'!s root extraction alcoritihm (winozrad 1472) replaces tne plural
form ot a noun by its sincular anc replaces a conjuvated form of a verb
Dy 1ts infinitive. For instance "acquires" and "acquired” are both
replaced Dby “acquirev,. hlso, it can extract the root of certain
sudostantives (“combination* rcivinz 'combine") .,

0) nesolution of certain irreszular torms which cannot be found by a
general method is taen given by the TXTSYN pointer, for instance '"began"
is replaced by "begin",

¢) Groups of uords whica hnave special meaninz wnen they appear
tosetner are taken into account Oy creating a sinizle hyphenated word,
like *“streptococcus-zroup-a*. In this particular case, "a" wmizmt
otnerwise oe consicered as an article which would lead to a
misinterpretation.

d) Conventional woras nave been cnosen to represent several words

which miignt be synonyms in context (therapy, treatment) or abbreviations
(echerichea-coli, e-coli).

e) 1t a wora nas not peen found in the dictionary are, an attemnt is
made to respel it wusing the DwI Interlisp routine (organisn -->
orcanisa). (Teitelman 1675).

t') Punctuation is currently irnored. Tnis alsc ineludes detachine
punctuation marks from the end of words, since it is most common not to
type a snace tetween the end of a word and the following punctuation.

) Some no-content words are iznored (the, a, this, that, an,...)
because nuances between articles (e.-., definite versus indefinite) are
not handlea by the system. OUn the other nand, words like “of" or "“from"
are usea to recoznize certain structures of sentences. lords that are
still unknown after using tne spellinz corrector are also kept to let
the user Kaow wnere a failure occurea durins the analysis.

n) Some yes/no parameters can only be described Dy usingz a complex
piece of sentence. In order to facilitate the gramuaar's task, bottom-up
recoznition of some of these parameters is carriea out before invoking
feneral rules. tor exanmple, <angrow> and <airzrow)> misnht be recognized
atter tne success of soce of the following patterns:

<aerovoically> --> in aercbic plate
<aercoically> -=> in aerovic bottle
<znaerovically> --> witnout oxyren
<air:irow> --> grow <aerobically)
<angrew> --> srow <anaerooically>
{airgrow> --> able to <airzrcwd
{anzrow> --=> able to <ansrow)
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These patterns perait tne recoznition of the following 6 sentences
detininz the parameter <airarow>:
1. (Tne orzanism) was able to ¢row aerobicallv.
2. (Tne orcanism) was aole to srow in the aerobic plate.
3. (Tne organism) was able to =srow in the aerobic bottle.
4. (Tne orzanism) could =zrow aerobically.
5. (Tne orzanism) could grow in the aerobic plate.
6. (Tne orcanism) could rrow in the aerobic bottle.
as well as Y4 similar sentences for <anzrow).

1I1.3 Subgramnar for predicate functions.

Tne preaicate function of any clause is indicated by verbs (mainly
auxiliaries), negations and some appropriate modifiers. Their
recoznition is accomplished independently of the general grammar for the
following reasons:

a) Auxiliary verbs (is, nas, etc.) are used by tne (-A program (part
of tne explanation system) in a manner incompatible with the analyzer
aescrived here. A convenient way to circumvent this problem without
modifying the dictionary was to compbine verbs before invokinz the
previously described procedure for producing a canonical fora of the
statexent.

) It seems to be worthwnile in the tradeoff between bottom-up and
top-ccown process; for instance (see the grammar rules described in
I11.4), <faculfun> appears in nany rules and it seems to be efficient to
recosnize it once and for all before usinz the reneral crammar.

¢) Predicate functions may de nmodified by operators, as described in
I1I1.3.2, wnich appear in non-adjacent part of the sentence. This
phenoxenon is difficult to handle with zeneral grammar rules.

.. I1.3.1 The subgrammar.

Tne graamar is described in a ENF-like context-free formalism,
square brackets [ ] enclosing optional elements, a slasn / separating
alternatives of the expansions of the rules, and ancle brackets < >
enclosing non terminal elements. Tne top-level rule is: <Pred-functicn)>
:= <hovaltund/ <raculfun> / <nualfund / <Num2fund.

Inese 4 types of predicate functions are now goinz to be explained
in termas of values expected. Anotner classification in terms of
certainty factors can pe found in (3Snortliffe 1676, pp 102 to 105).




111.35.1.1 <Faculfund® tunctions.

<raculfund> stands for facultative values functions, wnich means that
ne Lt ¢xpecled oy tne tunction may contain values out this is not
compuisory., Thne two functionsz of thnis catezory are <same> and <notsame).
wxanple: (LUTSAlle CilXT rekERILE) represents “"The patient is not
feorile,
(SAME CNTXZT SITe NGOSE) represents “The site of the
culture is nose".

<taculfun> := <3ace> / <liotsaue)

<samned = {Same> <{Same>

iiotsaae> 1= <Same><l.otsame> / <Samed<{liotsamed<Saned>
<{oane> t2 18 / nas / was / had / been ...
{iotsaze> := not / never / no

<{Notsaaed>
<{same> <{notsamed>

has <notiame> {same>

not been

Figure 2.

I11.3.1.2 <Movalfund> functions.

<iiovalfun> stands for no-value functions, which means that the
template expected by the function must not contain values.
bExample: (KNQWN CNTXT MORPE) =-=> “The norpholosy of the
patient is known."

<iwovalfun> :=<{proncund <novalfund>

<novalfun> := <known> / <notknown> / <definite> / <notdefinite>
<known> := <same> <knownd

<{known> := know / known/ knev/ determined

<notknown> := <notsame><known> / <samed <notknownd>

<definite> := <known> witn certainty / detinite

<notdelinite> := <notknown> witn certainty / <notsame) <definite>




<aovalfun>

{pronoun> <novalfun>

|
it {notknown>

\

{notsame> <known>

<{sane> <{notsame>

is not determined

Fizure 3.
I111.3.1.3 <dhunifund> functions.

<.umlfun> stands for tunctions expecting one nuaeric value.
cxaauple: (LeSSP* (VAL1 ChTXT CSFCeLLCOUNT) 10 ) -=> “"The white
blocd count froa the cerebro spinal fluid is less than 10.¢

hum1 fund> <greaterp*>/<{sreateq*>/<{lessp*>/<{lesseq*>
{greaterp#*> {same> greater than / >
{greateg*> {createrp*> or equal to / <{sreaterp*> =
{lessp+*> <{samne> less than / <
{lesseqg*> t= <lessp*> or equal to / <lessp*> =

<hum1fund>

|
<{greateq*>

/\\\

{ereaterp*> or equal to

E Y

{sane> sreater than

|
is

Figure 4.
I11.3.1.4 <itum2fun> function.

<Lum2fun> stands for functions expecting two numeric values.
Actually, there is only one function called <between*> in tnis category.
txample: (b=TwEEti* (VAL1 CNTXT AGE) 0.25 0.50)) =-> '“The arge
of the patient is between 3 and 6 months."

<humfun)> = <Eetween*>
1 L

{between*>

sane><{between>




111.3.2 roditication of the function by an operator.

An operator 1is a prefix of a statement which can
clause., It can refine or
example:

It is definite that the morpholozy of the orsanism is

zenerate itself a
modiry tne first predicate function found. For

coccus
(SAME CNTYT MORPH COCCUS)

Fizure 5.

Thus, <def> applied to <same> ¢ives <defis>, and finally, the clause
to buila up 1is: (DEFIS CNTXT U&ORPH COCCUS). Five new predicate
functions can thus be built:

{letfis> <agef> <same)>

<defnot> := <def> <notsaned>

<notknown> <{notknown> <anytfunction)
{tnoughtnct> := there is evidence that <notsame)
<wightoe) tnere is no evidence that <notsame)
{coulaove> there 13 no evidence that <same)

hotice that in <known> <{statement with function>, <known>
will vce simply irnored because it does not add

any information
(redundant) .

£x: “It is Kknown that the patient is alcoholic" is absolutely
equivalent to 'The patient is alcoholic.®

I1I1.4 GENCRAL GRAIGMAR.

I11.4.1 Grammar as procedures.

Tne grammar nas been encoded as INTERLISP procedures, as opposed to,
say a biir-like form. This allows a better efficiency (see footnote) due
to the possibility to compile it. Such a choice naturally leads to
blend (but not necessarily) several types of knowledee, semantic and
structural for instance. by lcoking at a rule like:

<iJ11> := <object> <faculfun> <ynparmD,
one misht think that “The culture is febrile" will

be accepted.

iwote: Tne averaze time for parsine inputs is 1.5 second on the Stanford

FUP-10 time-snarins system, mediualy loaded and with the dictionary on a
uasn-tile.




Actually, an implicit check for coherence between the object and the
paraceter is performed insice the rule, thus allowing the system to
refase sucn a statement. Coherence between parameter and value can also
be checked, tnus allowingz the systen to accept "The infection is
cystitis", but to reject "Tne morpnclogy is cystitis",

It one encodes a gramnaar as procedures, the "tightness" of the rule
can de specified dynamically tnat is, tne ability to ignore some words
at specific points during parsing. The "loose" form of the above rule
can be described as:

<R0O11>' := <objectd> <facultun> [skip] <ynparm>.
Tne role of tne SKIP procedure is to permit words like "nigh" or "bad"
to oe skipped ("The patient has a high fever') because such nuances are
not currently nandled by tne system. The procedure for ienoring
words is explained in more detail in IV.1.

un the other nand, having the gramaar as a data structure
interpreted by a progran allows:

vasier modifications since it is more convenient to add a piece of
data than a piece of coade.

inere is no distirsion oetwveen the ENF used to disclay the zgrammar
and its actual procedural iaplementation, although the LISP encoding, as

sihown in the appendix is fairly straightforward.

I11.4.2 Taxonomy of granstar rules.

In terms of the actions that are trigsered when a rule is
successful, grammar rules can be divided into two subsets. Generation
rules are used to buila up internal clauses. Conjunction rules are used
to revuild a piece of tne sentence to bpe analyzed after resolving
anapnoric references. At the moment, this includes pronoun references
and elliptic resolutions such as wnen the verb has not been repeated.

In terms of generality/specificity, certain rules are general in
that they - are not associated with a particular type of information; in
addition, they never include a surface word in their expansion part.
Otaer rules are specific in that they are associated with a particular

piece of information; also, they often include surface words in their
expansion part.

£ table specifies what actions have to be carried out whenever a
rule is successful. For any <generation rule, it consists of one cr
several templates to be filled in. For conjunction rules, it consists
cf rebuilding the input to zive it to parse to the zramaar.




rurthernore, a rule can leac to different actions being undertaken

dependinz on whether it 1is parsed as a premise or as an action. This

aistinction disappears if tnhe text to be parsed is not a conventional

viyeln rule. haen analyzinz text, all sentences are treated as premises.

Conversely, several rules can lead to the same action. For instance:
<HO20> := <multparmentxt)> <faculfund> <value)

with: <inultparmentxt> := <multpara> of <object)>

which allows parsing of: “Tne identity of the organism is e.coli.”, and
<RO31> := <object> <faculfun> <{value

wnicn allows parsing of: "The organism is an e.coli.”

lead to the same clause, as they evidently correspond to two surface

structures for the same meaning.

I1I1.4.3 General grammar.

ine parsine process is top-cdown and left-to-right. Tne usual problem
of left vrecursion for left-to-rizht parsings 1is nandled by creating an
intermediate synpol when necessary, and by duplicatinz the corresponding
rule. tasically, a successful rule extracts thne matchinz part of the

sentence and returns tne rest, if any, in case the sentence would lead
to several clauses.

111.4.3.1 General generation rules.

bxample 1: Tane nmorpnolozy of the orranism is not known.
Let us consider tne rule: <g011> := <aultparmentxt><novalfund

witn: <aultparmentxt> := <aultparnd>of<ocject> / <object><multparmd
<r9510>

<multparmcntxt) <ncval fun>
|

<aultparm> of <object> <notknown>

l

morph <{notsamed>

{same> <{notsame>
norchology '

not




The internal clause puilt up after the success of this rule
is: (LOTKNOWN . CWHTXT ORPH). Top-aown and bottom=-up arrows
respectively show the role of each process. Actually, the
preprocessec sentence was: “morpn of orsanism <notknowi>'", having
ignored articles, replaced ‘'morpholozy" by *“morph' (INCONCEPT
pointer), and "is not known" by tne predicate functicn <notknown>.
Notice tnat the same rule would also be successful on the following
sentences:

The growth contformation is known with certainty.
The infection site is definite.
Tne aerobicity of the organism is known.

Example 2: The patient has a high fever.
Let us consicer the rule:
<RO11> := <object> <faculfun> [skip] <ynparm>
Tne tizht rule will fail ("high" causinr the failure), and if no other
rule has been successful, <R011> will succeed in the second pass
(loose form) as shown in Figure 7.

<RO11>
<ooject> <raculfun> Lskip] {ynparm>
patient {same> nigh rebrile
| |
has fever
Figure 7.

An interesting point may be discussed here. There is no absolute
criterion for deciding whether a word may be skipped or not. If
"hign" were 1ignored in the first pass, it might prevent the success
of anotner rule in which “high" is a necessary element. The section
devoted to tne control structure explains in more detail the two-pass
process presently used.

Let us notice that <R011> also allows the system to parse:
The patient is not a compronised host.

The orcanism was able to grow anaerobically.

Exanple 3: A lumbar puncture nas been performed on the patient.




<1C12>

/

<ynpara) {tacultun> Lskip] <object>

lo ; <{samne> perform patient

2 N

lumbar-puncture <samed> <samed performed

luxnbar puncture nas been
Figure §.

liote that places in sentences wnere "skips" are allowed are usually
where nany expressions could oe used. For instance, in Example 3, after
"has been", many different expressions micht be used. This feature
makes 1t unnecessary to foresee all of the possible phrasings, e.g.,
““done on', ‘"undertaken on", etc. Tnis is evidently a step toward a
Key-word approach, but only no-content words (in a medical sense) can be
skipped. Tnis minimizes risks of misinterpretation. Also, a rephrased
staterent such as "Tne patient has received a lumbar puncture” would be
parsed by tne previous rule <i3011>.

cxample 4: The worpnolozy, aerobicity and rrowtn conformation
of the orzanism are known. Several properties
are stated and tnis shoulc leaad to a2 split of the sentence into several
internal clauses. Let us consider the rule <K015> := <{multparmi+cntxt)>
<novalfun>. Tne recogniticn will pe performed as shown in Figure ¢,
This leaus to the following 3 clauses:

(AMD (KNOWH CNTXT FORPH)
(EilOwi AIR MORPH)
(KiiGwN CNTXT CONFCRH))

<rJ15> would also be successful on: “the agze, sex and weizht of
the patient are definite®.
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<R015>
<multparmls+cntxtd> <noval fun>

{aultparnmi+> of <onject> <known>

Wl | e \

<multparm> ....<aultparm> {sane> <known>

sa
morpn I conform organism are known
air
growth conformation

morpnology
aerobicity

Figure 9.

cxample S: The site of the culture is one of: nose ear throat.
Such a sentence is parsed by the rule R0O18 as shown in figure 10.
<nomoval1+> stands for more than one homogeneous (correspondinz to the
same parameter) value. In this case, the internal clause cenerated is a
variant of the standard template and is actually:

(SAME CNTXT SITe (OaeOF NOSE EAR THROAT)). The following
sentence 1is parsed similarly: “The 1infection requiring therapy is
anong: cystitis pyelonephritis.*

<HO18>
<multparmentxt> <faculfund> amnonz> {homovalil+>

<multparu> of <obdbjectd> <saaed one of <isval> <isval>

| | | (! !
site culture is nose ear throat

Figure 10.

Example 6: The organism is rod anaerobic and grampos. Such a
sentence is processed by tne rule R0O25 as shown in Figure 11 in which
<heterovall+> stands for more than one heterozeneous (different

parameters) value. “The patient 1is a male caucasian" 1is parsed
similarly.




<RC25>

<object) {tacul fun> <reteroval1+>

N

organisa {saue> CSIBVRLD .. ..., el

is rod anaerobic grampos

Figure 11.

txauple 7: The organism is a pseudononas aeruginosa.

inis sentence is parsed by tne rule R031 as shown in figure 12.
Let us note here that the narme of an organism is indicated in the
sentence not only througn tne explicit mention of “identity". When
no parameter is mentioned in the sentence but a value that could
belecns to “identity" as well as to other parameters is present, an
infercoce process is invoked which decides that “identity" is the
probzble parameter. Similarly, ir "the patient is <number>", the
paraceter is assured to be “ave" (common sense inference).

<KI31>
|
ooject> {faculfund> <value>

or:lnism {samne> Dseuccnonas-aerusinosa

is
Fizure 12.

such a2 rule decuces the parameter from an ambizuous value. The
paraneter 1is then included explicitly in the restatement of the
sentence, in order to verify the user's agreement. For instance here,
trne aoove sentence will oe rephrased "the identity of the organism is
pseudouscnas aeruzinosa". The same rule would also be successful with: "A
culture was taken from blood“ on the loose form after skipping "taken
from", as well as "tne patient is male", or “the drug is penicillin",

txample o: The white blood count from the cerebro spinal fluid
is inferior to 10.




here, tne preprocessing pnase performs a lot of work in order to
acilitate the graamar's tas<. The preprocessor mainly recoznizes zrouos
of words tnat make sense tozrether and substitutes a sinzle abbreviation
tor tne Zroup of words.

nel <-- white blood count

CSr <-- cerebro spinal fluia .
Tnean, the rule <H055> := <anumparuentxtd> <auailfund> <isnumd is successful
as snown in the Figure 13.

<R055>
<{numparncntxt> <numifun> <isnum>
<nuaparm> {lessp*>
! / i,

¢sfcellcount {zame> {lessp#*>

wbe from csf is inferior to

Figure 13.

Tne same rule can be used for:
The aze of tne patient is less than 2 months.

The c¢st protein is less than 49
ine patient's creatinine clearance is ereater than 39

11I1.5.3.2. Conjunction rules.
t£xaaple 1: Tne patient is jaundiced and is not a compromised
nost. Tne begzinning of the sentence is easy to
parse ana gives tne internal clause (SAME CHTXT JAUNDICEDR). The role of
a conjunction rule is to recoznize that the subject is missing and ta
trizzer the search for it. Tne action invoked will then be to find the
subject Dy a very straigntforward method (last clause analyzed) thus
leaaing to add FATIENT onto the remaining part of the sentence. It will
then return "the patient is not a compromised host" as the remaining
sentence to be analyzed. The referent chosen is the object of the last
clause generated. It rslies on the assumption that, when several
properties are stated in the same input, they probably refer to the same
object.

The first conjunction rule is described below:
<KJ35> := [<pronound>)] <faculfund <isvald> /
[<pronoun>] <faculfund> <ynparmd /
{<pronoun>] <numifund> <isnum> /
(<pronoun>] <faculfun> <isnun> /
L<pronound>] <num2fun> <isnum> <isnumd
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This rule also recosnizes:
“and it is eramnez" (expansion 1)
"and has neurologic sicns' (expansion 2)
"and is less than 1) years old" (expansion 3)
“is 50" (expansion 4§)
“is between 7 and 77 years old" (expansion 5)

iotice nere tnat the diversity of the forms to recoznize for similar
Structures 1s merely due to arbitrary decisions about the representation
o' kncwledze, imprecision in the formalism analozous to =he one occuring
in tne meaning of links in semantic networks (woods 1975). Fer example,
“the patient has tever" 1is represented by a binary parameter FEBRILE,
but miznt as well te represented by a wmultiple parameter SYMPTOM ‘which
would have FEbhILE as a possible value. A second conjunction rule
recoznizes incomplete structures of sentences similar to the previous
one except that the function is also missing. When the rule is
successful, it will tnan trigzer the execution of a routine whose
purpose is to retrieve the subject and the vero (or predicate function).
This rule can be descriped as:

<K006> := <isvald> / <ynparmd / <isnumn).

113.5. Specific zrammar.

Specific graamar rules are used to recocnize niaraneters wvhien can be
dgescriveu only py tairly complex sentences. These rules usually have a
loose torm, wnich avoias foreseein~ all possible phrasings. The risks of
a strictly rey-word approazch (as outlined in the discussion endine the
section I1) are cecreased 0y the presence of common sentence structures
associated with parameters of tnis type in addition to indispensable
Key-woraes,

cxazple 1: The concept ot “symptom" is of primary importance for
estadblisning a aedical diasnosis. (onsequently, it is semantically very
rien. Sone syuptoms are referred to by oinary parameters as MUMPSYU,
indicating wnetner "the patient has shown symptoms of muaps", or VAGDIS,
indicating whetaner “tne patient has increasinz vaginal discharce".
Otners are represented by a multiple parameter termed SYMPTOMOF as in
"tne patient as symptoms of dysuria" in wnich case DYSURIA is a lezal
value for SYMPTONOF. The rollowing rules express the semantics of
“"symptoa®,

<synmptomof> := patient <facultund syaptom of <uriad
<uria> <faculfun> <amonz> symptom of patient
<uriad := dysuria / frequency / hesitancy / suprapubic-
discomfort / urgency...
{ynsyxnpton> := patient <faculfun> sympten <otneruti
<otneruti> := of mumps / of increasinz vazinal discharre /
[skip] lower urinary tract
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Let us note that the "[sxip]" appearinz in the last line allows
accepting various pnrasings as:
Tne patient has symptoms referable to
concerning the
associated with
located in tne lower urinary tract.
pxaumple 2: NOSOCUHIAL is a very important parameter which can
have a complex description. Two rules enable its recoznition, as
shown in Figure 14.

<NGSOC-1>
natient {faculfun> <{skipuntil <{skipuntil

'intection> 'hospital>
<{nctsane>

{saned> <noisame> acquire the infection
/

did not while in hospital

<NOSOC-2>

infecticn <faculfun> <skipupgtil 'hospital>
b o,
<{notsame> acguired in the hospital

{same> <{notsare>

I

was not

figure 14.

Example 3: Age is anotner important concept taken into
consideration in many rules (for the dose of a druz for instance) and
it is rarely stated explicitly in most sentences that use the concept.
Ine following rule is used to recoznize it:




patient <nunifund [<timunit))

less than

IV. ItpLeMeNTATION.

inls chapter cives details on the current implementation. It
descrioes the control structure and certain strateries
(tizntness/looseness for example), how tne semantic categories are
assizned during tne ana2lysic and finally displays an interactive session
of acquisition of rules.

IV.1 Control structure.

# depth-first control structure hnas teen chosen because the first
parse usually leads to tne onlv interpretation nossible, which is
primarily due to the precisicn of the statements in the medical field.

£ specific rule is alvays associated with a Key-vord which can be
the possible pzraneter itself or an incispensable word such as
"hospital® ftor <nosocomial>. Consequently, once the risnt key-word has
been encountered, cnances ot success for a specific rule are hicher than
for a zeneral rule (all are tried in sequence without preference).

Let us notice tnat, it the bezinninz of a sentence cannot be mapped
into an internal representation, no further attempt is made to analyze
the rest of tne sentence (except after an "and" which usually introduces
anotner property). Analyzing any part of a sentence after a piece which
was not understocd mignt lead to misinterpretations as shown in the
following example: “tne sister of the patient is febrile" would indeed
be interpretea as "tne patient is febrile” if “the sister" has not been
understood, unless a frasgmentation technicue similar to VWilks' is used
to attenpt fillinz the templates with the different pieces.

cone  of the seneral rules contain a flag wnich allows them to be
“sloppy" 1i.e., to iznore a word and proceed with the analysis. Such
rules are always tried in the tisht form first. If the rule fails but
was vartially successful, it will betried aczain in the loose form in
the secona pasz if no rules successed durint tne first vass. The
additional set of rules to be tried in loose fora will thus be very
small.

o
s
-~

e




sxample: Suppose the word "“ooese" is not known to the system,
and the sentence to be parsed 1is “The patient is an obese male ", After
the railure of the tignt rule, tne loose version will skip "obese" and
succeed, but the expert will be notified that “obese" was not
understood. tie will then be able to teach the procram about this new
concept ana will add a premise “tne patient is obese" to complete the
aeaning of the partially-understood previous statement.

50 far, tnere is no mechanism to handle possibilities of multiple
interpretations of an input strinz. Disambizuations are made during the
preprocessing pnase, for exauple, “csf" (cereobro spinal fluid) might be
a possivle value of the site of a culture put, if associated with white
bloca count as in "the white blood count from the esf", it actually
refers to the parameter ‘“csfcellcount” and is recognized as such before
the gramecar is evoked. #As a consequeace, the parsine is very
deterainistic and no back-up mechanism has been implemented yet. This
aiznt pe a weakness as the extension of the grammar proceeds.

the above mechanisa to build up a clause is mostly a loop on the set
of rules to try. An action is carried out whenever a success occurs. An
important feature is that tne list cf rules to try is set during the
preprocessing phase, specific rules beingz appended at the head of the
list whenever a trizgerine word is encountered. The analysis process is
stopped when the remaininz sentence is NIL (success) or when 3 wvhole
iteration of loose rules has been performed without any success.

k. shortcoming of the current implementation is that the same task
may Ye pertormed several times, The merzine of common parts of different
rules as used in transition networks implementations would certainly
permit a more coapact representation and a better efficiesncy.

Iv.2. Example of parsinz.

Let us consider "“The morphology of the organism is rod". The
preprocessed sentence is: lorpn of organisn <samed> rod". Eow tne
appropriate variables are set during tne processinzg of the sentence is
shown below with the successful rule:

<KJ20> := <multparmentxtd> <faculfund <isval)
WORD 1s the word cu.rrently beinsg analyzed.
kow the variables PAnAd, 1YPc-P, TYPE-OEJ, VALIUM are set as
analysis proceeds is snown pelow on tne top-down parse tree.

WOHL <~-= morgn

{multparmecntxt)>
<aultparm>
<isparm> PARLl == mOorpn
TYPE-P {-- prcp-orr
keturns True.
Checks that PAuAs expects a value
returns True.




hWlny == oOf
<surf '0of> matcnes the rirnt surface word.
neturns 71rue.
WUy == orcanisn
<object> sets: TiPt-OtJ <-- prop-ors
Cuisl <== orzanisn
neturns True.
Wil == <saued
<faculfun>
Sets Fuw == <saaed>
neturns ‘I'rue
winb {==rod
isval>
Sets VALIUr <-- rod
PrVALIUM <-- morph (parameter expected from value.)
{cneck1> PARAIM subset of PFVALIUM: True
{check2> TYPE-UEJ = TYPE=-P : True
wornu <-= ii1L
Returns True.

The variadles PArhii, FULN and VELIUM are bound to values that allow
builcing tne appropriate internal reoresentation.

IV.3. Sample of a rule acquisition session.

In tne examples that follow, the E/QELF procram utterances are in
lower case letters and it shows its internal 1lisp inter- pretations in
upper case letters The user enters the rules in upper case letters after
the aouble asterisk; every time he has finished with a set of premises
or actions, he types a “carriage-return" whica explains the lines of
blanks. Comments have been inserted by nand in order to point cut a few
features of the parsinz. #&ote that in all the examples shown below, the
interpretation is correct. knat can bSe done if tne expert disacrees is
part of future directicns. lote that the kind of inputs that are not
currently nanaled deals witn complicated inputs expressing
meta-knowledze (now to use wedical knowledge) rather than pure medical
Knowlecse. Exanples are:

(1) You have ecamined the list of members associated with the
category of the orgzanism and found some that asgree with respect to the
following symptoms: air and coaform.

(¢) Tnis drug is one of the treatments which have contributed to
an improvement in the patient's symptoms of the infection.

Enother kinc of non-understood statement includes “non medical ways"
" expressing oneself that would reguire a lot of knowledse about world
general like:
(3) She drinks U bottles of ttouthon-Rothschild every mornine,
express tnat "tne patient is alconolic".




EXAMPLE I.

woula you like to enter a rule?

«% YES

Ir: 1 = The CREATININE CLZARANCE IS <= 30
any 2 -

Tnen: 1 - CONCLUDE TBEAT Th= PATIENT kS DECRcASED REMAL FUNCTION
and 2 -

the internal format of the rule is :

L1SPRULE
PretiISE: ($AND (LESSECe (VALY CNTXT CCR)
82))
ACTION: (CGUCLUDE CNTXT RENELFAILURE YES TALLY 1920)

This is ny understanding of your rule:

If: Tae patient's most recent creatinine clearance (in ml/min) is less
than or equal to 99

Then: It is definite (1.0) that the patient does have decreased renal
function

Comzents: In the premise, the object PATIENT was not stated, but was
inferred from tne parameter. As no certainty factor was stated,
it was supposed to be 1.

do you agree with my interpretation?
% YES

good.

LXAHPLE II.
kould you like to enter a rule?

®& YES
i1 1 - ThE CULTURE SITE IS CSF
and 2 - THE PATIENT HAS NOT HAD RECENT NEUROLCGIC SYMPTOMS
and 3 - Ht hAS NOT HAD RECZNT NEUROLOGIC SIGHNS
and 4§ - The whITE ELOUD COUNT FROM THE SPINAL FLUID IS < 10
and 5 - THE C3¢ PROTEIN IS LeSS THAN 40
ang 6 -
Then: 1 - IT 1S LIKELY (.8) THAT ThiE INFECTION REQUIRING THERAPY IS NOT MENINGITIS
and 2 -

tne internal formnat of the rule is




LISPnuLe

(SAED (SAHE CNTXT SITE CSF)

(HOTSAMe CHTXT HEUKOSYMP)

(HOT3Ae:E CLTXT 0wUHOSIGN)

(LESSP* (VAL1 CHTXT CSFCELLCOUNT)
10)

(LeSSe* (VALY CNTXT PROTEINM)
40))

ACTION: (CONCLUDE CNTXT TREATIHF MENINGITIS TALLY -509)

Tnis is my understandinz of your rule:

Ine site of the culture is csf, and
The patient has not had ent neurclogic symptoms, and
tne patient nas not had ent neurolozic sicns, and
lre wel from tne CSF i1s less than 10, and
Ihe Cst protein is less than 40
inern: There 1is strongly suzcestive evidence (.3) that the infection which
reguires therapy is not seningitis
a0 you ajree witia a2y interpretaticon?
e IES
Tood.

COlwvwi 13t Tne pronoun resolution procedure replaced "he" by
*patient".

eXAriPLe III.
like to enter a rule?

Thit CULTURE SITE IS NOT ELCOD

e DON'T ENOW wdbTH&R The OKSENISM WAS AELE TO GROW AERORICALLY
1HE LAEOKATORY 21D NOT ATIEMPT TO GRCw THE ORGAIHISM
ANAERCEICALLY

The EuHORICITY OF THE ORGANISM COULD BE FACUL (.5) ANAEROBIC (.2)
CR OLLIGATE=-AERCE (.3)

the internal foraat of tane rule is

L1IStrulLz

(séhp (MNUTSAME CHTXT SITE ELOOD)
(NCTKHGWN CHNTXT AIRGROW)
(WUTSAME CNTXT AHTRY))

(CONCLUDE® CETXT AIR TALLY ((FACUL 500)
(ANKERCEIC 200)
(CPLIGATE-AERCF 300)))




Tnis is wy understandinz of your rule:

If: 1) The site of thne culture is not blood, and
2) It is not known wnetner the orcanism was avle to =row aerobically,
and
3) The lab has not attempted to zrow the orzanisa anaerobically
Then: There is evidence that the aerobicity of the organism is facul (.5)
anaerobic (.2) ovlicate-aercb (.3)

do you azree with my interpretion?
"8 ¥£S
good.

EahvPLe IV.

would you like to enter a rule?

o YES
1f: 1 - THE IMNFECTION WHIChH REQUIRES TEERAPY IS PERITOMITIS OR
PELVIC-AESCESS
and 2 - TEz SITE OF The CULTURE IS ELOOD
and 3 - ThE PORTAL OF ENTRY IS GI
and 4 -
Then: 1 - THE ORGANISHS WnICH «IGHT BE CAUSIFG THE INFECTION COULD PBE

BACTEHOIDES (.7) =-COLI (.53) KLASSIELLA-PREUMOKIAE (.18)
PROTEUS (.17) EiTZROEACTEX (.11)
and 2 -

the internal format of the rule is

LISPHULE
PRemISE:  (9AhD (SAME CMIXT TREUATINE (ONECF PALRITONITIS PELVIC-ABESCSSS))
(SAME CNTXT SITE ELCOD)
(SAME CNTXT POnTAL GI1))
ACTION: (CONCLUDE* CNTXT COVERFOR TALLY ((EACTEROIDES 700)
(E.COLI 5390)
(KLEBSIELLA-PHEUGIIOKIAE 130)
(PROTEUS 170)
(ELTEROEACTZR 112)))

Tnis is my understanaing of your rule:

Ir: 1) Tne infection which requires therapy is one of: peritonitis pelvic-
abscess, and
2) Tne site of the culture is blood, and
3) Tne portal of entry of the orzanism is ei
Then: There is evidence that the orcanisas (other than those seen on
Clltures or smears) which micht be causinz tane infection is
bacteroides (.7) e.coli (.53) klebsiella-pneumoniae (.18) proteus
(.17) enterobacter (.11)




do you azree with ny interpretation?
A ¢

fo00d.

eXAlPLE

would you lixke to enter a rule?
ol
b Tre INFECTION R=QUIRING THERAPY IS MNOT MEMINGITIS
and 2 ORGANIOMS WERE NOT SEEM O THE STAIN OF THE CULTURE
and 3 Trekt IS NQC BVIUENCE TEAT THe TYPE OF THE INFECTION IS HOT TB
ana 4 The CKRYPTOCOCCAL ANTIGeN IN THE CSF WAS POSITIVE CR
The CSF CUCCILIOIDES SZROLOGY WAS POSITIVE
anc
Then: The TYre OF THE INFECTICN IS PROEAELY NOT TE {:8)
and

The internal format of tne rule is:

LISPhULE

PReiiISE:  (SAND (HOTSAME CHTXT TREATINF HANINGITIS)
(INOTSAME CNTXT SPZCSTAIR)
(MIGHTEE CHTXT TYPE TE)
(LOR(SAME CNTYT CRYPTO-SEROLOGY)
(SAE CNTYXT COCCI-SEROLOGY)))
ACTION: (CONCLUD= CNTXT TYPE TL TALLY =899)

This is ~y understandinz of your rule:

Ine infection which requires therapy is not meningitis, and
Crganisms were not seen on the stain of the culture, and
There is no evidence that the type of the infection is not tb, and
The cryptococcal antizen in the csf was positive, or
Tne cst coccidioides serology was positive
Inen: There is strongly suzzestive evidence (.8) that the type of the
infection is not tb

do you agree witn ny interpretation?
5% YeS

good.

would you like to enter a rule?

bl 1

O«k; rood oye.
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COMCLUSION.

This paper nas described a technique to translate English inputs
expressed by an expert of a specialized domain into underlyvine
structures used by a knowledze-based system. The trade-off between
freedon of expression and reliability in the interpretation lead us to
use a wethod that selectively ienore certain phrases wnich might not be
crucial for the translation. HKowever, this method may cause ambizuities
in interpretation, hence we emphasize the importance of the expert's
agreenent witn an interpretation. Tne current Zraumar produces adequate
parses on about 90% of the statements contained in MMYCIV¥ rules. On a
sample of 200 sentences chosen troam current MYCIN rules and various
reparasings ootained trom paysicians, 55/ wvere parsed 0y the general
comain independent grammar, 35 by 2 grammar specific to the infection
diseases comain and 10% were failed to be parsed, due to paraphrasinzs
tnat woula require a treaencous amount of knowledze outside the medical
rield. rarsing tnese sentences with this semantic <rammar is fairly
fast (between 1 and 2 seconZs). The level of understanding currently
provided seens to pe sufticient tor the acquisition cf new rules.

FUTURE D1RECTIONS.

I see future improvements and extensions of this work in the
followinz major directions. First, the crammar must be enlarced in
order to make the systes aore "nabitable'" that is to enable the expert
to remain within the lianits of the lancuage accepted without his being
conscious of these limits.

Second, the technique descrioed here, along with strategies for
interpreting dialogs ana texts shoulcd be suitable for building a general
purpgose interface for use by different tasks within a kncowledze-based
system such as question-answering, volunteered data via suasaries
describing clinical history and current status of patients.
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APPENDIX : A sample of mrammar rules.

fiuaiberea rules are seneral, rules mentioning a concept petween
prackets are soecific rules. Proceaures having a mnemotechnic name
such as YNPARMCNTXT, which stands for yes-no-parameter-context, are
primitives allowinz the recozniticn of non-terminal elements of the
grannar rules. ost of the rules shown here have been already
explainead in section III1.4. The code is clearly very close to the
EnF forz used pefore, SK denotes tne flag used for “tightness",
always nil at the first pass, set to THUE at the second if any.

(RD1Q
(LAMEDA (SK) *#COiMl4ENT#»
(AeD (MULTPARGCNTXT)
(SKIP Sk)
(hUVALEUN])

(ROM
LLAMEDA (SK) *#COriviciiT#=

(ANL (CONTEXT)
(rACULEFUN)
(SKIP Sk)
(YNPARE:)
(CheCs2 TYPu=-ObJd TYPe=-P)
(SETQ LASTCLAUSz (LDIFF ReST CURJ)

(* saved tor further pronoun resolution)

(n020
LLAcEDA BIL *=CClacNT#**
(&b (ULTPARECHTXT)
(#ACULFUN)
(CHzCK1 PAKAM (ISVAL))
(CHECK2 TYFE-P TYPwu=0FJ])




( SYRSYLPTOMD
[LE::UA KIL *< yes/no symptoms of uti 4=
(2D (SURF *PATIENT)
(FACULLFUL)
(SURE 'SY.iFTOM)
(CCHD
((SURrL '(OF itLirS))
(SEYCT PARAM (MUMPSYEH)))
(CAND (SUREF 'OF)
(SKIPWORD 'iltw)
(SKIPWGRD 'COk)
(SKIPWOKD 'THCKEASING)
(SUKE 'VAGINAL-DISCHARGR))
(ScTeC PARAM (VAGLRIS)))
(CAND (SEIPUNTIL 'LOWER)
(Suif 'URITARY-TRACT))
(SLTGC PARAM (LOVER-UTI-SX])

1he previous rule enables the recoznition cf sentences as shown below:

of mumps
nas of [new]lor][increasing]
itThe) patient hnas no symptcals] vazinal discharge
does not have referable to the
concerninz the lower urinary
of the tract

(YNPERICHTAT
[LAEDA NIL == True if matches <ynparad of <context)> or
(Cotip {context> <ynparm> #*=
((Y{ PAR™)
(SURF 'OF)
(CCHTEXT)
T)
(CCONTEXT)
(Cund
((YRPARM)
r]
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